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Abstract 
Cu2ZnSnS4 (CZTS) has emerged as a potential candidate in optoelectronic devices due to its non-toxicity, low cost 
and abundance of its constituents in earth’s crust. Conventional CZTS synthesized techniques are either energy 
intensive or use toxic chemical. A modified, low temperature solid state reaction route for synthesis of CZTS 
nanoparticles using metal acetates, thiourea and SnCl2 is demonstrated. Synthesis of stoichiometric amount of these 
precursors at 250 °C for 1 h is sufficient to form single phase. Synthesised powder was characterized by means of X-
ray diffraction (XRD), Raman spectroscopy and Transmission Electron Microscopy (TEM) and UV–visible (UV–vis) 
absorption spectrumm. Band gap of as prepared CZTS was found to be around 1.45 eV, which is appropriate for use 
as absorber layer in a thin film solar cell. 
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1.  Introduction 
Thin film solar cells such as Cu (In,Ga)Se2 (CIGSe) and CdTe based solar cells have already achieved 
impressive power conversion efficiencies of about 15-21%. The problems associated with these 
semiconductor materials are use of toxic (e.g., cadmium) and rare elements (e.g., indium, gallium, 
tellurium), thus raising its cost. CZTS has emerged as a potential candidate for optoelectronic devices due 
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to its non-toxicity, low cost and abundances of its constituents in earth’s crust. CZTS has excellent 
thermal, chemical, electronic, optical properties (direct bandgap 1.5 eV and high absorption coefficient (> 
4×104 cm-1)) [1, 2]. Due to its attractive properties, CZTS has a broad range of applications in lithium-ion 
batteries [3], photo catalysts [4–6], solar cells [7–9] and thermo-electric material [10–12]. The highest 
conversion efficiency, 11.1% for CZTS based solar cells has been reported by solution based process 
[13], 9.15% for CZTS cells prepared by vacuum based co-evaporation process [14]. Solution based 
method utilizing hydrazine has the highest conversion efficiency because of  reduced carbon content and 
minimization of oxygen presence in CZTS film, these allow the precise control of structural and electrical 
properties of the active layer [13, 15–16].  
Solvothermal and hot injection process requires hazardous organic solvents (Ethylenediamine, 
Oleylamine) and multiple steps to get crystallite phase of CZTS [15, 17–18]. CZTS powder is also 
commonly prepared by solid state reaction of constituent elements Cu, Zn, Sn, S [19–21], oxides and 
chlorides (SnO2, ZnO, Cu2O, SnCl4.5H2O, CuCl2 .H2O, ZnCl2 and molten KSCN) [22], binary sulphide 
(Cu2S(Se), ZnS(Se), SnS2, S) [23]. Uses of metal oxides, binary sulphide, chlorides and constituent 
elements as precursor materials for synthesis of CZTS powder have some drawbacks. Synthesis from 
theses precursors requires a high-temperature (400-700ºC), longer period (16-24 h) step to reduce the 
oxides and chlorides to obtain the crystalline phase CZTS [21–22]. These processes are high energy, time 
consuming processes and use hazardous organic solvents. The formation of single phase CZTS and its 
microstructural features are also highly dependent on the annealing temperature and atmosphere [24]. An 
alternative of the earlier process is solution based solid state reaction process, which is a single step 
method for synthesis of single phase CZTS nanoparticles. 
The objective of this work is to develop a new synthesis process, which utilizes a non hazardous 
solvent, minimizing environmental impact, keep the synthesis temperature low, processing time short and 
yet get crystalline single phase CZTS nanoparticle. To meet all these requirements the use of acetates of 
metals, tin chloride and thiourea has been explored because of their low decomposition temperature. After 
formation of the homogenous precursor solution, low temperature firing is sufficient to form the required 
phase. Solution based solid state reaction process is inexpensive, eliminates hazardous chemicals, low 
temperature and requires short processing time. These may allow large scale, economical and 
environment friendly production of CZTS. 
 
2. Experimental details 
2.1 Powder synthesis  
CZTS was prepared from copper acetate monohydrate, Cu(CH3COO)2.H2O) (SRL, AR Grade), zinc 
acetate dehydrate, Zn(CH3COO)2.2H2O (Thomas baker, AR grade), tin chloride dihydrate, SnCl2.2H2O 
(Merck, GR grade), thiourea, CS(NH)2 (SD Fine, AR grade). The elemental precursors (Cu: Zn: Sn: S) 
were taken in the molar ratio of 2:1:1:8. The precursor mix was milled with ethanol and 3 mm diameter 
zirconia grinding media in a polypropylene container kept on a pot mill. After milling, the homogenized 
precursor solution was transferred to an alumina crucible and kept in a tubular furnace. The synthesis 
process was carried out at 250°C for 1-12 h in argon atmosphere. After synthesis, the powders were 
ground for further characterization. 
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2.2 CZTS film coating  
Stable CZTS ink was formed through the dispersion of CZTS nanoparticle in toluene with 
concentration 150-250 mg/ml. CZTS films were coated on glass substrate by doctor-blade technique. 
CZTS films were annealed at 250 –350°C for 4 h. 
 
2.3 Characterization techniques 
The phase purity and crystallinity of synthesized powders were determined by X-ray diffraction 
(XRD) (PANalytical X-ray diffractometer) and Raman spectroscopy (HORIBA HR800). XRD was 
performed in the 2θ scan range of 20° - 80° using Cu-Kα irradiation with tube voltage and current of 40 
kV and 30 mA, respectively. Raman spectra were obtained by Raman spectroscopy in range of 200–
500cm-1 using argon excitation wavelength of 514.5 nm. The 521 cm-1 Raman peak of Si was used for 
calibration of the Raman spectrum. The morphology and elemental composition of the synthesized 
powders were characterized by an energy dispersive spectrometer (EDS) attached to scanning electron 
microscope (FEG-SEM, JSM–7600F). The particle size and morphology were examined by TEM 
(PHILIPS–CM200). The optical absorption spectrum was recorded using spectrophotometer (LAMBDA 
UV-750, PerkinElmer) at room temperature. The CZTS nano particles were dispersed in ethanol and the 
absorption spectrum was recorded in the wavelength ranging from 300 to 900 nm. 
 
3. Results and discussions 
CZTS powders were synthesized at 250oC for different time ranging from 1–12 h but similar results 
were obtained for synthesis carried out over different time periods. In this article the details of powder 
synthesized at 250 °C for 1 h are reported. Fig.1(a) represents XRD pattern of CZTS powders and all 
samples possess three dominant peaks (112), (220) and (312) that are attributed to the CZTS phase, as 
indexed based on the standard JCPDS pattern (JCPDS No.: 26-0575). The average crystallite size 
calculated using the Debye-Scherer’s formula was 10 nm. XRD Patterns alone was not sufficient to 
confirm CZTS single phase because the XRD patterns of CZTS, Cu2SnS3 and ZnS are very similar. To 
confirm the phase purity of the as-synthesized particles, Raman spectroscopy of synthesized powder was 
done (Fig.1 (b)) 
 
 
Fig. 1 (a) XRD pattern, (b) Raman spectra of CZTS powder synthesized at 250 °C for 1 h 
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FEG-SEM (Fig.2 (a)) and FEG-TEM (Fig.2 (b)) shows equixaed particles of approximately 10 to 15 
nm size. This morphology is similar to the powder prepared by solvothermal process [17–18]. Hot 
injection process gives mono dispersive nano particle but it uses complex operations, special apparatus 
and hazardous organic solvent (Oleylamine),besides it has a low yield [15]. For CZTS powder 
synthesized by solvothermal and hot injection methods amine groups may be present but solution based 
solid state reaction process gives pure CZTS powder. The chemical composition of CZTS was analyzed 
by energy dispersive X-ray spectroscopy (EDS). The obtained relative atom percentages in the prepared 
CZTS were Cu 26 at%, Zn 18 at%, Sn 11 at%, and S 45 at%. 
 
 
Fig. 2 (a) FEG-SEM, (b) FEG-TEM image of CZTS   powder synthesized at 250 °C for 1 h 
Fig.3 (a) (b) show the FEG-SEM micrographs of the top surface and cross section of the CZTS film 
annealed at 250°C for 4 h without sulfurization. Micrograph of the top surface of the CZTS film shows 
reasonably uniform size of grains and packing though it is not fully densified (Fig.3 (a)). Thickness of 
CZTS film was 10 μm measured from cross-section micrograph (Fig.3 (b)). This was also confirmed by 
surface profilometer. Optimization of thickness and improvement in film quality in terms of densification 
is under progress. 
 
Fig. 3 (a) FEG-SEM top surface image, (b) Cross sectional image of CZTS film annealing at 250 °C for 4 h 
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The optical absorption spectrum in the wavelength range 400 – 900 nm of the as synthesized CZTS 
powder dispersed in ethanol was measured, neglecting reflectance. The band gap was determined by 
extrapolating the line as portion of (αhʋ) 2vs hʋ plot (Fig.4). The optical bandgap of the CZTS was 
estimated to be approximately 1.45 eV. This value matches with the reported band gap values [15, 17–
18]. 
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Fig. 4 Plot of (αhʋ)2 vs. hʋ for the estimation of the band gap energy of CZTS powder synthesized at 250 °C for1and 12 h 
4. Conclusions 
CZTS nanoparticles were synthesized by solution based solid state reaction process using acetates of 
Cu, Zn, thiourea and tin chloride as precursors. Synthesis at 250qC for 1 h was sufficient to form single 
phase. Particles were equiaxed of approximately 10 to15 nm size. The optical bandgap of the CZTS was 
estimated to be approximately 1.45 eV. Conventional solid state reaction requires calcination at 400qC for 
6 h for formation of single phase CZTS and other processes like hot injection, solvothermal process 
require use of hazardous chemical (solvents) and are energy intensive. In present study single phase 
CZTS has been produced successfully at lower synthesis temperature from metal acetate precursors and 
mixing thiourea in volatile solvent. Stable suspension of CZTS was obtained and coated on glass to form 
a film approximately 10μm thickness. This process is low cost, fast, less energy intensive as compared to 
other conventional processes and has potential for large scale production. 
CIGS solar cells fabricated using non-vacuum processing methods have already demonstrated 
capability of large scale module formation by roll-to-roll electrodeposition and spray pyrolysis [25-27]. In 
contrast, large scale fabrication of CZTS solar cells has still not been achieved due to lack of control over 
chemical composition, microstructure, control of secondary phases and defects [24–25].  CZTS solar cells 
have been fabricated successfully at laboratory scale, and with a better understanding of the fabrication 
process and process control, large scale manufacturing of CZTS solar cells by non-vacuum process can be 
achieved. Since CZTS uses earth abundant materials, it provides a viable alternative to other types of 
solar cells with the potential to mass produce low cost modules. 
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